Here we report, for the first time to our knowledge, a cladding-pumped passively Q-switched Er-Yb codoped fiber laser with Cr
Recently, there has been a growing interest in passive Q-switching of fibre lasers by means of saturable absorbers. This has been mainly driven by simplicity and high achievable efficiencies offered by th is approach and hence by the prospect of compact pulsed sources with a wide range of operating wavelengths for various applications. However, the number of known materials that can be used as a saturable absorber in a fiber laser is relatively limited due to a combination of factors. A number of approaches have been used to solve this problem. For example, Colin and coworkers demonstrated that a piece of heavily doped erbium fiber could use as an effective saturable absorber 1 . Fibersaturable absorbers doped by ytterbium-thulium 2 and chromium 3 have also been experimentally demonstrated. Recently pulsed optical sources for the 1÷1.6um range 4 and at longer wavelengths in the mid-IR 5, 6 have been realized using liquefying gallium mirrors. In addition semiconductor saturable absorber mirrors (SESAM) have also been used for Qswitching of a fibre laser 7 . The main disadvantage of the above mentioned methods is the average powers and pulse energies have been limited by <130mW and <17µJ respectively 7 . An alternative approach is to use a crystal with saturable absorption. This approach has been successfully applied to Nd-doped fiber laser using Cr 4+ :YAG as the saturable absorber 8 . In the eye-safe spectral range, passively Qswitched fibre lasers with Co 2+ :ZnSe and Co
2+
:ZnS have been demonstrated 9, 10 . In the latter, very short (3.5ns) pulses with energy as much as 60µJ (10kW peak power) was reported 10 . Here we report, for the first time to our knowledge, a cladding-pumped passively Q-switched Er-Yb codoped fiber laser with Cr 2+ :ZnSe and Co
:MgAl 2 O 4 as saturable absorbers. The laser arrangements used in our experiments is shown in Fig.1 . The fiber laser consists of a 5m double-clad Er-Yb cooped fiber and a simple external feedback cavity containing the saturable absorber crystal.
Pump light at 915nm was coupled into the fiber through a perpendicularly cleaved fiber end facet. The latter also served as one of the cavity mirrors and the output coupler. At the other end of the cavity a lens system and a highreflectivity mirror at 1550nm provided external feedback. Dependence average power as function of absorbed pump power is shown in the Fig.3 . The maximum average power was 1.4 W with both crystals and the slope efficiency with respect to absorbed power was 29% for the laser with Cr (Fig.3) . (Fig.5 ). Fig. 6 shows the dependence pulse duration on pump power. Pulse duration reduces with increasing of the pump power from 370 to 700 ns for Cr (Fig.6.) . From the experimental data in Figs 4-6 it can be seen that both lasers have similar overall performance but have some striking differences as well. For example, in Fig.4 it can be seen that each pulse generates by the laser with Cr 2+ :ZnSe has a more complex pulse structure with short (20ns) pulses with 50ns period contained within the Q-switched pulse envelope (Fig.4a, inset) ; whereas pulse from laser with Co 2+ :MgAl 2 O 4 has no structure and wellfitted by Gaussian function (Fig.4.b, inset) . Pulse energy as a function of the absorbed pump power is shown in Fig.7 Fig.9 . Lasers emit broadband radiation ( ∼ 2nm FWHM), centred around 1565nm. Fig.9 . Spectra of passively Q-switched lasers. P abs =6.5W, @915nm.
In conclusion, for the first time to our best knowledge, we presented passively Q-switched fiber double clad lasers with Cr 
